On the Fluctuations of Energy Fluxes of the Nuclear-active and Electron-photon Components of an Extensive Air Shower by Belyayeva, N. F. et al.
. ' I  
h 
National Aeronaut ics  and Space Adminis t ra t ion  
Goddard Space Fl ight  Cen te r  
Cont rac t  No. NAS-5-3760 
i 
S T  - PF - N P  - 10444 
ON THE FLUCTUATIONS O F  ENERGY FLUXES O F  
THE NUCLEAR-ACTIVE AND ELECTRON-PHOTON COMPONENTS 
O F  AN EXTENSIVE AIR SHOWER 
S. N. Vernov 
N. F, Belyayeva 
0. V. Vedeneyev 
V. A. Drnitr iev 
Ya. A. Nechin 
G. B. Khr is t iansen  
" (USSR) - -  
Microfiche (MF) 
ff 663 July 66 
1 
. -  
5 FEBRUARY 1966 
https://ntrs.nasa.gov/search.jsp?R=19670003904 2020-03-16T17:14:45+00:00Z
ST - PI? - NP = 10 444 
ON THE FLUCTUATIONS OF ENERGY FLUXES OF THE 
NUCmAR-ACTIVE A.ND ELECTRON-PHm,ON COMPONENTS 
OF AN EXTENSIVE AIR SHOWER * 
Yadernaya F i z i k a  
Journa l  of NuclearPhysic8 
Tom 2, vyp. 6 ,  1075 -1086 
I z d a t e l '  s t v o  "NAUKA1l, 19k5 . 
S U M M A R Y  
by S o  I?, Vernov 
N. F. Belyayeva 
0. V, Vedeneyev 
V, A. Dmitriyev 
Ya. A, Nechin 
Experimental data a r e  presented on the  f l u c t u a t i o m  .of energy f l u x e s  
of t he  nuclear-act ive and electron-phdton components of an extensive air - 
shower and on the  mutual r e l a t i o n s h i p  of theBe f l u c t u a t i a n e  with those of t he  
shower's age parameter 2. 
It is  shown t h a t  t h e  aggregate of experimental  d a t a  is i n  cont rad ic t -  
i on  wi th  the model described in the  work by NymmUc and Shestoperov Elk]. 
The great s ign i f i cance  of t he  experimentally e s t ab l i shed  c o r r e l a t i o n s  between 
the  parameter g and the o the r  c h a r a c t e r i s t i c s  f o r  a c o r r e c t  experimental  
s e t u p  regard ing  the  extensive air 6 h O W e r 6  hs discussed. 
* 
The f l u c t u a t i o n s  of p a r t i c l e  and energy fhlXt?s of var ious components 
of an ex tens ive  air shower (EAS), having a given number of charged p a r t i c l e s  
(N) a t  observer l e v e l ,  have been s tudied  in a s e r i e s  of works [I-63, using 
the  complex instrumentat ion of the Moscow S t a t e  Univers i ty  (MSU). 
The ex is tence  of f luc tua t ions  of energy f luxes  and of the  energy 
spectrum of nuclear-act ive (n,a. ) p a r t i c l e s  has a l ready  been shown i n  the 
works [l, 21. A6 t o  those of the electron-photon component (e.-ph.) i t  has 
been d e e t  with i n  the work [3]. Fina l ly ,  a d e t a i l e d  i n v e s t i g a t i o n  of f luc tua-  
t i o n s  of p-meson- f luxes  of various energ ies  has been conducted in the  
Works [4 - 63.  
* 0 FLUKTUATSIVXH POTOKOV ENEGII YADERNO-AKTIVI?OY I EISKTRONNO-POTONNOY 
KOMPONENT SHIROKOGO ATMOSFERNOGO LIPNYA. 
* *  I n s t i t u t e  of Nuclear Physics of the Moscow S t a t e  University.  
2. 
The poss ib le  c o r r e l a t i o n  i n  the behavior of var ious  EBS -,components 
is ah0 an important c h a r a c t e r i s t i e  of EAS. The q u a n t i t a t i v e  c h a r a c t e r i s t i c s  
of such a c o r r e l a t i o n  must ev ident ly  be determined by the  cha rac t e r  of shower 
development i n  the atmosphere. The experimental  determinat ion of f luctuat ions 
and of t h e i r  c o r r e l a t i o n  m u s t  offer g r e a t  i n t e r e s t ,  f o r  i t  provides new data 
f o r  t he  choice among var ious  modela of EAS development. In t he  present  work 
we b r i n g  f o r t h  the experimental  da ta  on f l u c t u a t i o n s  and on the c o r r e l a t i o n  
in t he  nr-a. and e.-ph. components of EAS and on the* r e l a t i o n s h i p  w i t h  t he  
age parameter g. Moreover, f o r  the sake of comparison, we b r i n g  f o r t h  the  
r e s u l t s  of t h e o r e t i c a l  ca l cu la t ions  of these  c h a r a c t e r i s t i c s .  
Note also t h d t  i n  the course of the last few years  large experimental  
material on nuclear  i n t e r a c t i o n s  at high energ ies  has  been gathered. T h i s  is 
why i n  t he  present  work we again had recouree t o  the quest ion of energy deter- 
mination of n-a p a r t i c l e s  of EAS by t h e  combined f i l t e r  method. A l l  t h e  experi-  
mental data On the n-a component of EAS are given, tak ing  i n t o  account these 
new experimental  data. 
The measurements were conducted during a series of gea r s  on the  complex 
apparatus  a t  the Moscow S t a t e  Universi ty  (MSU). T h i s  i n s t a l l a t i o n  allows t o  
determine simultaneously the  pos i t ion  of the axis and the t o t a l  number TJ of 
p a r t i c l e s  in each ind iv idua l  shower, and also the energy f luxes  of n-a and e -  
ph. components. During the la tes t  years  the  parameter 5, charac ter iz i ing the 
energy spectrum of e-ph component was determined f o r  each shower. 
The pos i t i on  of the  axis f, t he  t o t a l  number - N of p a r t i c l e s  and the 
parameter 2 were determined with the h e l p  of a system made of a g r e a t  number 
of counters  included in the  hodoscope and disposed over an area of s e v e r a l  ha. 
The c a l c u l a t i o n s  of E, 2, and were performed with t h e  a i d  of an M-20 e lec-  
t r o n i c  computer on the  b a s i s  of empir ical  data. A d e t a i l e d  desc r ip t ion  of the  
i n s t a l l a t i o n  and of the  method of computations is given i n  the works [l, 21. 
The energy f luxes  of the  n-a and e-ph components were determined with 
the  h e l p  of a de tec to r ,  made of two se r ies  of i o n i z a t i o n  chambers loca t ed  
under a l e a d  o r  graphi te  f i l t e r  [2]. The upper' rowt c o n s i s t i n g  of l2 chambers 
wi th  an e f f e c t i v e  a r e a  of 3 m 2 ,  disposed under a lead l a y e r  2.5 crn thick, 
se rved  f o r  the determination of the energy f l u x  of the  e-ph component. The 
lower row, cons i s t ing  of 128 chambers of 8 m2 a r e a  and s i t u a t e d  under a combi- 
ned graphits-lead f i l t e r ,  served f o r  t he  determinat ion of t he  energy f lux of 
t he  n-a component. The combined f i l t e r  cons is ted  of 5 cm l ead ,  then f u r t h e r  
of 60 c m  g raph i t e  and, f i n a l l y ,  of 2.5 c m  lead, and i t  w a s  disposed d i r e c t l y  
under the i o n i s a t i o n  chambere. The lower p a r t  of the d e t e c t o r  w a s  w e l l  sh ie ld-  
ed l a t e r a l l y ,  f o r  i ts  p r o t e c t i o n  from the  e-ph component of EAS. 
ON THE FLUCTUATIONS OF EmEEGY FLUXES OF THE 
N-A AND E-PH COMPOmNTS 
The experimental  d i s t r i b u t i o n s  of t he  f l u c t u a t i o n s  of energy f luxes  
of the  n-a and e-ph components nay be d i s t o r t e d  under the  inf luence  of some 
methodical f ac to r s .  
Le t  us  examine t h e i r  influence on t h e  d i s t r i b u t i o n  of the f luc tua -  
t i o n s  of energy fluxes of t h e  e-ph component. There are two causes f o r  t h e  
d i s t o r t i o n s  of i n t e r e s t  t o  us. 
F i r s t  of a l l ,  the  pos i t i on  of the  shower axis E and the t o t a l  number 
N of p a r t i c l e s  i n  i t  a r e  determined with a c e r t a i n  e r r o r ,  as a consequence 
of which the  d i s t r i b u t i o n  of energy f luxes  of the  e-ph component may be die- 
t o r t e d  if the  energy flux is determined f o r  a given d is tance  from the axis 
of the  shower and f o r  a given number lV of p a r t i c l e s .  
The second methodical error c o n s i s t s  i n  the following. The energy 
f l u x  of  t h e  e-ph component F , r e g i s t e r e d  by the  i n s t a l l a t i o n ,  is  induced 
by a f l u x  of e l ec t rons  and photon8 d i s t r i b u t e d  by a c e r t a i n  energy spectrum. 
A comparatively s m a l l  number of e l ec t rons  and photons of high energy, i n c i -  
dent upon the  apparatus,  may s i g n i f i c a n t l y  con t r ibu te  t o  t he  t o t a l  f lux Fe-ph* 
The number of such e l e c t r o n s  and photon6 undergoes r e l a t i v e l y  great Poisson 
f l u c t u a t i o n s ,  which may p r e c i s e l y  c r e a t e  s i g n i f i c a n t  f l u c t u a t i o n s  i n  t he  
energy flux Fe-ph. 
Fe-*h, occur r ing  on account of these methodical causes, f o r  showers w i t h  t he  
number of p a r t i c l e s  in the  i n t e r v a l  N +  N + A N ,  whose axes pass  a t  the  d is -  
tance r- r + A r  from the  center  of t he  de tec tor .  It was assumed t h a t  f o r  
showers w i t h  the data f o r  N and r, t h e  energy of the  e-ph component is cons- 
t an t .  The s p a t i a l  d i s t r i b u t i o n  funct ion f o r  p a r t i c l e  fluxes of t h e  e-ph com- 
ponent was taken the  same f o r  all the showers [l]. Considered were all the  
e -ph 
We have computed the d i s t r i b u t i o n  of the  values  of energy f l u x ' o f  
experimental ly  observable showers with p a r t i c l e  number N = lo5 + 3 10 5 and 
r = 0 + 2 m , r = 4 + 6 m For each shower w i t h  t he  given experimental  va lues  
4. 
of N and r,  a drawing of possible  va lues  N, and re w a s  performed according 
t o  the  d i s t r i b u t i o n  
Wi(r', N ' / r ,  N )  = @(#, N')Wz(r, N / f ,  N' ) ,  
where@(r),M1)is the akpr ior i  d i s t r i b u t i o n  for r1 and 1'; : wz(r, !'Y,'fl, N') i s  t h e  
d i s t r i b u t i o n  of poss ib le  l o c a t i o n s  of t h e  shower axis 1: and of the number N 
of p a r t i c l e s ,  determined w i t h  the help of the device used a t  the condi t ion  
tha t  t h e  t r u e  pos i t i on  of t he  axis be r' ,  and the  number of p a r t i c l e s  - N'. 
The d i s t r i b u t i o n  W2 ( r ,  N / r I , W )  w a s  obtained by the  Monte-Carlo method i n  
the work C73, The func t ion  @ ( r , , N * )  i s  w e l l  known f o r  the s o r t i n g  system 
used by us and i t  w a s  computed f o r  the shower spectrum index by the  number of 
p a r t i c l e s  %=a 1.5. As n r e s u l t  of the  drawing, a s e t  of values  Nf and r1 
was obtained i n s t e a d  of t he  e a r l i e r  e x i s t i n g  s e t  of va lues  R and re Subsequent- 
l y ,  the average number of p a r t i c l e s  i n c i d e n t  upon the de t ec to r  was determined 
f o r  each shower with the obtained values  N1 and r l .Then ,  u t i l i e i n g  the  ener- 
g e t i c  d i s t r i b u t i o n  of these p a r t i c l e s  ( inc lud ing  photons) borrowed from C81, 
and t a k i n g  i n t o  account t h e  P o b s o n  f l u c t u a t i o n s  in the number of p a r t i c l e s  
of d i f f e r e n t  energy, we obtained by w a y  of drawing t h e  energy f lux of the 
e-ph component i n  each i n d i v i d u a l  shower. The t hus  obtained d i s t r i b u t i o n s  of 
Fe-ph fluxes were found t o  be s u b s t a n t i a l l y  narrower than t h e  experimental  
ones. The r e l a t i v e  d ispers ions  of the computed and experimental  dataon d i s t r i -  
bu t ions  are r e s p e c t i v e l y  equal  t o  0.7 and 3.0. The 
a re  p l o t t e d  i n  Fig. 1. 
with a given number N of p a r t i c l e s  a t  var ious  
d i s t ances  from the axis of the shower the re  
e x i s t  r e a l  f l u c t u a t i o n s  of energy fluxes of the 
e-ph component, ev iden t ly  l inked  with the  var ia -  
t i o n  of t he  absolute  value of the f l u x  as a whole 
along the  e n t i r e  shower, as w e l l  as with the  f l u c -  
t u a t i o n s  of t h e  s p a t i a l  d i s tk ibu t ion  of tha t  flux, 
Thus, there is no doubt t h a t  i n  showers 
Let us now pass  t o  t he  considerat ion of 
the f l u c t u a t i o n s  of energy f luxes  of the n - a  
component. The determination of the energy of 
the n-a p a r t i c l e s  by the  combined f i l t e r  method 
is somewhat d i f f i c u l t  mainly because: 
e x p e r h e n t a l  d i s t r i b u t i o n s  
Fig. 1.- Experimental dis-  
t r i b u t i o n  of energy f luxes  
of the e-ph component in 
showers with the number 
of p a r t i c l e s  N = l~P t .3  105 
at  va r ious  d i s t ances  from 
the  axis: 
r r O  + 2 m. 
0 - 0 -  r 04 + 6 m. 
5. 
1) so fa r ,  the composition of t he  n-a component of t he  EAS, t h a t  is, 
t h e  r e l a t i v e  quant i ty  of a2.-mesons, nucleons and poseibly of o ther  p a r t i c l e s  
a t  var ious  energ ies  E of the considered p a r t i c l e s  has been unknown; 
2)  t he  energy spectrum of  secondary p a r t i c l e s ,  c rea ted  i n  the  f i l t e r  
by the  i n t e r a c t i n g  p a r t i c l e ,  5.6 not  known w i t h  s u f f i c i e n t  precis ion, .  
A t  the  same time numerous data  have been obtained i n  the  course of 
the pas t  years  on the  i n t e r a c t i o n  cross  eec t ion  and the  d i s t r i b u t i o n  of t he  
i n e l a s t i c i t y  modulus a t  i n t e r a c t i o n  with l i g h t  and heavy n u c l e i  of n-a par- 
t i c l e s  w i t h  energy 10l1 - 1013 ev. 
The r e l a t i o n s h i p  between the i o n i z a t i o n  2, observed in chambers, and 
the  energy En-,of the  n-a p a r t i c l e  bears a p r o b a b i l i s t i c  charac te r ,  which is 
b a s i c a l l y  defined by the  following  cause^: 
a) a g r e a t e r  r o l e  of f luc tua t ions  i n  the i n t e r a c t i o n  events  and i n  
b) t he  df f fe rence  i n  the  character  of n-a p a r t i c l e  i n t e r a c t i o n  i n  
lead and g rph i t e ;  
c )  a poss ib le  d i f fe rence  in t he  charac te r  of the i n t e r a c t i o n  with 
the  n u c l e i  of &-meeon8 and nucleons en te r ing  i n t o  the  composition of the 
n=a component of EAS. That is why the genera l  s o l u t i o n  of the  problem of r e -  
l a t i o n s h i p  between g and E, is qu i t e  cumbersome even w i t h  a comparatively 
s m a l l  f i l t e r  thickness  (of the order of two nuclear path lengths) .  
The problem has  been resolved by the  Monte-Carlo method at the  follow- 
the development of the avalanche of n-a p a r t i c l e s ;  
i n g  assumptions: In t e rac t ions  of n-a p a r t i c l e s  in the upper l a y e r  of lead and 
graphi te  were studied. The path length r e l a t i v e  t o  nuclear  i n t e r a c t i o n  of 
nucleons and n- -mesons w a s  estimated ident ica land  taken equal  f o r  l e a d  a t  
Xint = 170 g/cm2 and f o r  graphi te  &t = 80 g/cm2. I n  the  case of nucleon 
i n t e r a c t i o n  i t  w a s  estimated t h a t  the d i s t r i b u t i o n  of i n e l a e t i c i t y  f a c t o r s  
(moduli) i n  lead has the form s ( k - k )  at k = 1 ,  and for graphite the  d i s t r i -  
but ion brought up i n  [g] was u t i l i zed .  For Xf-mesons the  d i s t r i b u t i o n  of 
i n e l a s t i c i t y  moduli I n  l ead  and graphi te  w a s  taken i n  the  form s ( k -  k) at 
k =1. It w a s  fur ther  assumed t h a t  in all i n t e r a c t i o n s  of n-a p a r t i c l e s ,  
one t h i r d  of energy, l o s t  by them f o r  the formation of secondary p a r t i c l e s  
is c a r r i e d  by no -mesons and two-thirds - by X--mesons; the  la t ter ,  formed 
at  i n t e r a c t i o n  in graphi te ,  t r a n s f e r  the  energy t o  
+ 
+ 
no-mesons according t o  
.. 
t he  l a w  EJ(x)= Enf(l - 
formed a t  i n t e r a c t i o n ,  x is the  length  of the avalanche of  mesons 
from t h e  place of t h e i r  formation t o  eg res s  from graphi te ,  expressed i n  
u n i t s  of 
avalanches occurr ing i n  the  upper l a y e r  of l ead ,  w a s  computed by analogous 
formulas . 
), where E -. + is the energy of rL-mesons, having 
+ 
+ 
h i n t  zc 80 g/cm2. The energy t r a n s f e r  t o  h*-aesons from the It - 
When computing the  value of i on iza t ion  occurr ing i n  the  ion iza t ion  
chambers as a r e s u l t  of development of photon-electron avalanches from the 
&-mesons, formed i n  the  upper layer  of lead, we  took i n t o  account t he  
t r a n s i t i o n a l  effect  l ead -  graphite. Computations have shown t h a t  i f  the  
i n t e r a c t i o n  takes  place a t  t h e  beginning of the  upper l a y e r  of lead, the 
number of e l ec t rons  under t h e  u t i l i z e d  f i l t e r  decreases f i v e f o l d  a t  the  
expense of the  presence of graphite by comparison wi th  the  case when the gra- 
p h i t e  l a y e r  is s u b s t i t u t e d  by a lead l aye r ,  equivalent  by number t o  t uni t s .  
At t r a n s i t i o n  from energy, t ran6ferred t o  So- mesons, t o  t h e  value 
of the impulse i n  the  ion iza t ion  chambers, we assumed tha t  a l l  t he  energy 
E,o w a s  concentrated in a s ing le  h0 - meson. We u t i l i z e d  i n  computations the  
cascade curves f o r  lead obtained in [lo]. A6 a r e s u l t  of drawing we obtained 
the  d i s t r i b u t i o n s  of impulses from n-a p a r t i c l e s  of f i x e d  energy. Subsequent- 
l y ,  w e  obtained the  d i s t r i b u t i o n s  by energ ies  of nuclear-act ive p a r t i c l e s  
En,,, con t r ibu t ing  t o  ion iza t ion  impulses s i t u a t e d  i n  t he  given i n t e r v a l  of 
values  from n t o  n + An: * 
Wz ( B n  a / n)  dEn a. = f (En a ) dEn a F.l/'i ( / En.a ) , 
where the  spectrum / ( E f I I I )  W a s  taken in the  form 
E - ( Y + i )  !(en a )dEn.,. - H a. dEn 8.- 
We brought out i n  Fig.2 a s e r i e s  of d i s t r i b u t i o n s  obtained f o r  the 
case = 1.5. In the  computations, presented below, we u t i l i z e d  the  rela- 
t i o n  between the  value n of ion iza t ion  w i t h  the  energy of the  n-a par- 
t i c le ,  obtained by the method described. 
Compiled i n  Table 1 a r e  the values  of the coupling f a c t o r  & bet- 
ween t h e  values  n of the ion iza t ion  and the  mean energy of the  n-a p a r t i c l e  
inducing t h a t  i o n i z a t i o n  (kn- En-a)  f o r  two values  of energy spectrum 
i n d i c a t o r  of  n - a p a r t i c l e s  : = 1.0 and 5 1.5. 
- 
* For uniformity of the t e x t ,  we s h a l l  preserve from now om all the  Russian - 
denominations i n  the  var ious formulas : 'E. f o r  n-a, Q. f o r  e-ph, and so 
fo r th ,  
7. 
The f l u c t u a t i o n s  of i n t e r e s t  t o  UB s t a n d s  f o r  n .a .par t ic le  
energy f luxes )  are l inked  wi th  the  observed f l u c t u a t i o n s  of i o n i z a t i o n  by 
t h e  fol lowing o o r r e l a t i o n :  
a t  the  same t i m e ,  f ( n / E )  is an experimental func t ion  determining the  f luc-  
t u a t i o n  of the  ion iza t ion ;  Z7(0na. /@R.a , )  is the func t ion  searched for, which 
determines the  f l u c t u a t i o n s  of energy f l u x e s  of n-a p a r t i c l e s ;  W ( n / @ n . a . )  is 
t he  p r o b a b i l i t y  of r e g i s t r a t i o n  of i o n i z a t i o n  of various values  n at inci- 
dence upon the I n s t a l l a t i o n  of the  given energy flux , @DR a.. The func t ion  W ( I L  / mn.a.1 
is e v i d e n t l y  l inked with the  e a r l i e r  introduced func t ion  l V i ( t z / E n . a . )  ; at t h e  
same time the  d i s t r i b u t i o n  of IV (n/@n.a.)* is ev iden t ly  a l ready  wi(n/&.a.) , s i n c e  
W(n/%.a.) is not  considered f o r  a separate p a r t i c l e ,  but  f o r  t h e i r  flux. 
Fig. 2, - Dis t r ibu t ion  by enerGies of n.a. par- 
t i c l e s  cont r ibu t ing  t o  i o n i z a t i o n  impulses i n  
the given i n t e r  a1 of va lues  - n + n + An : 
a -: n re: 10 ? + 1.5- lo2; 6 - : n =  103+ 
+1.5 103; e -: n = lo4 + 1.5 .lo4. 
The s o l i d  l i n e  corresponds t o  nucleons, the  dash- 
ed  l i n e  - t o  a 2- meson. The p r o b a b i l i t y  is 
p l o t t e d  i n  ordinate6 in a r b i t r a r y  un i t s .  The 
func t ions  a r e  normalieed by areas. 
The d i s t r i b u t i o n  of F ( 0 n . a .  / (ha . )  w a s  T A B L E  1 
determined by u s  f o r  a group of 35 showers 
l y i n g  i n  t h e  i n t e r v a l  of values  N = 3 105 + lo6 
and r -0 + 2m. The ca l cu la t ion  wae conducted 
by the  Monte-Carlo method us ing  the fol lowing 
scheme. 
8. 
The ratle n / i i  w a s  found experimentally f o r  every shower. With 
the a i d  of t he  func t ions  @ n a . / 5 n . a . .  computed f o r  t h e  case when t h e  primary 
p a r t i c l e  is a nucleon, we determined by way of drawing the  value of @ R . a . / S R . a ,  
corresponding t o  it, The spectrum of  t h e  va lues  of @ n . Z . / @ n g .  obtained in t h e  
first approximation, w a s  taken as the i n i t i a l  one when computing the second 
approximation u t i l i z i n g  the Bayes'theorem. Four approximations in a l l  were 
considered. 
- 
The r e s u l t s  of ca l cu la t ions  show that the fou r th  approximation 
a l r eady  hard ly  d i f f e r s  f r o n  the third.  T h a t  is why we may es t imate  t h a t  t h e  
spectrum of the  values  of @R.a./&n,a., obtained above, f l u c t u a t e s  t o  the same 
degree as does the  experimental  spectrum of  the  values  of n/z .  Therefore,  
t h e r e  exist  r e a l  f l u c t u a t i o n s  of the va lues  of  energy fluxes of the  n-a com- 
ponent i n  t h e  observed showers. These f l u c t u a t i o n s  c o n s t i t u t e  a superimposi- 
t i o n  of the  f l u c t u a t i o n s  of the  s p a t i a l  d i s t r i b u t i o n  of the  energy f l u x e s  of 
t h e  n-a component on the f l u c t u a t i o n s  of t h e  t o t a l  energy f lux of the n-a com- 
ponent as a whole by the shower. The experimental  d i s t r i b u t i o n  f o r  the  va- 
l u e s  N = 16 + 3 105 and r = 0 + 2m is p l o t t e d  i n  Fig. 3, 6. 
The f l u c t u a t i o n s  of energy fluxes of the  n-a component fo l low a l s o  
from the form of the averaged energy spectrum of n-a p a r t i c l e s .  
The experimental  s p e c t r a  of i o n i z a t i o n  impulses from n-a p a r t i c l e s  
were obtained a t  var ious  assumptions of s p a t i a l  d i s t r i b u t i o n  of i o n i z a t i o n  
induced by each n-a p a r t i c l e  in the  system of i o n i z a t i o n  chambers. It w a s  
assumed t h a t  the  i o n i z a t i o n  from one n-a p a r t i c l e  may encompass the fol lowing 
areas 61 - 0,56 a', 6 2  - 025 aC2 and 63 - 0,Oti mL. The thus  obtained s p e c t r a  do not  
p r a c t i c a l l y  d i f f e r  and are charac te r ized  by one and the  same value of t h e  
i n d i c a t o r  ~ 1 . 0  + 1.2, and t h i s  wi th in  the limits of e r ro r s .  
from the spectrum of impulses F ( > n )  
The energy spectrum F ( > E , a . )  w a s  obtained by the Monte-Carlo method 
on the  b a s i s  of t he  c o r r e l a t i o n  
It w a s  assumed t h a t  t h e  primary p a r t i c l e s  a r e  nucleons. The energy 
spectrum of n-a p a r t i c l e s  w a s  obtained f o r  showers wi th  N = 2 *lo5 + 3.5 *lo5 
i n  a c i r c l e  of 6 m raciius, drawn f rom the  shower's axis. 
. 
9. 





Fig. 3. - D i s t r i b u t i o n  of energy f luxes  
of the  n-a component i n  showers 
p a r t i c l e  number N = 3 l O 5 - t  10 (a) & 
N = 105 - 3 105 (4) at d is tances  from 
the  axis r = 0 + 2m; the  s o l i d  l i n e s  re- 
p re sen t s  t h e  experimental  d fe t r ibu t ions ;  
t h e  dashed l i n e  - the  theore t ica l .  The 
number of case6 when the  flux is l e s s  than 
the  r e g i s t e r e d  are : a - : 2; d - : 11. 
Fig. 4.- Energy spectrum 
of nuclear-act ive p a r t i c l e s  
i n  shower6 w i  h p a r t i c l e  
i n  the  c e n t r a l  region of the  
- 
ber  I?= 2 . 1 8  + 3.5 '10 Y Fh 
shower ( r 5 6 m) 
P l o t t e d  i n  F ig .4  is t h e  speotrum F(>Ena.)The obtained spectrum 
of n-a p a r t i c l e s  i n  the  energy i n t e r v a l  
be represented  i n  the  form 
3 10"ev 4 E n . a .  < lou ev may 
where yN = 1.0 t 0.2. The anal.ytIca1 c a l c u l a t i o n  w a s  conducted i n  the assump- 
t i o n  t h a t  t h e  primary p a r t i c l e s  are aL-rneson8. In t h i s  caSe the  spectrum 
of n-a p a r t i c l e s  i n  t he  region of ene rg ie s  2.0 10 3.0 10l2ev 
ha6 the  form 
11 ev < E , A <  
47-10° N 
P( > En.a.) = L- E'. 105 ' n.a. 
with the  spectrum i n d i c a t o r  
t h a t  ob ta ined  i n  the case when the primary p a r t i c l e s  a r e  nucleons. 
Basing ourse lves  on the d a t a  of t he  p re sen t  work, l e t  u s  poin t  ou t  
t h a t  t he  dependence between the energy f l u x  of the  n-a component (Da.,,.and El 
i n  the c e n t r a l  region of the shower ( r  6 6 m )  for showers with a number of 
p a r t i c l e s  N a d ,  may be represented i n  the f o r a  (Dn.a.='kN/105 , where 
k L 3.7 1 O I 2  i n  the case of nL-mesons. This  r e e u l t  agrees  w e l l  wi th  
d a t a  brought up i n  [2,113 ( tak ing  i n t o  account t he  conversion f a c t o r  from 
I n t o  &-a i n  them, and i n  the cur ren t  one. 
coinciding wi th in  the  limits of e r r o r s  with 
10. . 
RELATIONSHIP BE3MIEET TRE FLUCTUATIONS OF THE 
PARAMETER 8 
NUCXEAR-ACTIVE, ELECTRON-PHOTON COMPONENTS AND THE AcfB 
As a l ready  mentioned, it i s  poss ib l e  t o  determine wi th  the  a i d  
of the M U  i n s t a l l a t i o n  the  energy fluxes of t h e  e-ph and n-a components 
of EAS. and a l s o  the parameter 9 cha rac t e r i z ing  the  energy spectrum of 
t he  e-ph component. In  the  process of shower development t h e  f l u c t u a t i o n s  
of a l l  these  q u a n t i t i e s  must be s p e c i f i c a l l y  i n t e r r e l a t e d .  Evidently,  t h e  
fol lowing q u a n t i t i e s  may be i n t e r r e l a t e d t  the  energy flux of t he  n-a compo- 
nent and t h a t  of the  e-ph component4 t h e  energy f l u x  of t h e  n.a.component 
and the  parameter  the energy flux of the e-ph component and the  parameter 
- 6. The s imples t  c h a r a c t e r i s t i c  of r e l a t i o n s h i p  between two random q u a n t i t i e s  - x and g I s  the  c o r r e l a t i o n  f a c t o r  def ined aa 
The experimental  r e s u l t s ,  presented below and c h a r a c t e r i e i n g  t h e  
degree of c o r r e l a t i o n  of the  mentioned q u a n t i t i e s ,  were obta ined  on the  
basis of ana lys i s  of 307 showers with a number of p a r t i c l e s  N >1@, whose 
axes l a y  wi th in  the  limits of a 10mradius  drawn from the  c e n t e r  of the  
de t ec to r .  The d i s t r i b u t i o n  of t h e  processed showers by .I 6 i s  p l o t t e d  I n  Fig.5. 
It w a s  found t h a t  the s p a t i a l  d i s t r i b u t i o n s  of t h e  n-a and e-ph com- 
ponents in the  showers considered are dependent on E 
dered wi th  l y i n g  wi th in  the  i n t e r v a l  0.8 + 1.1, and 60 showers with 6 
wi th in  the  i n t e r v a l  1.3+ 1.5. The showers were normalized t o  N = 3 lo5 .The 
determined s p a t i a l  d i s t r i b u t i o n s  of  the  dens i ty  of energy f l u x e s  are pre- 
sen ted  in Fig. 6. It was found t h a t  at  s = 0.8 + 1.1 the  index of the  s p a t i a l  
d i s t r i b u t i o n  func t ion  of t he  energy f luxes '  dens i ty  p ( r >  -ran is equa l  t o  
n l  = 1.88 t 0.22, and for  s o 1.3 + 1.5 i t  is n2 = 1.252 0.25. The r e spec t ive  
indexes f o r  t h e  s p a t i a l  d i s t r i b u t i o n  of t h e  dens i ty  of t he  energy f l u x e s  of 
the  e-ph component are nl = 1.6720.21 and n2 = 1.06 2 0.15. A s  may be seen 
from Fig. 7, the  absolu te  va lues  of f l u x e s  a r e  also s t r o n g l y  dependent on - 8. 
This  f a c t  of dependence af s p a t i a l  d i s t r i b u t i o n  and absolu te  value of energy 
f l u x e s  of t he  n-a and e-ph components on E is a l ready  in i t ae l f  evidence of 
ex i s t ence  of a s t r o n g  c o r r e l a t i o n  between t h e  parameter and the  energy 




f l u x e s  of n-a and e-ph components. In order  t o  cha rac t e r i ze  t h i s  c o r r e l a t i o n  
q u a n t i t a t i v e l y ,  i t  i e  necessary t o  s e l e c t  a combination of showers with 
c lose  values  of N. With t h i s  in view we'considered showers i n  the  range of 
values  N = 2 19 i 3.5 105. The energy f luxes  of t he  n-a and e-ph com- 
ponents were normalized in the se l ec t ed  showers t o  values  N = 3 lo5 and 
r ==am. A t  the  same time we took i n t o  account t he  dependence of the  f o r a  
of t he  s p a t i a l  d i s t r i b u t i o n  function of energy f luxes '  dens i ty  on s. - 
60 - 
Js 
u 3 4 0 -  
.i, 
k- - 20 
3 
Fig. 5. - Dis t r ibu t ion  by 
B of showers with a n - 
ber  of p a r t i c l e s  N > l O  . T - 
0 45 $0 0 45 
QICM 19'; M 
Fig, 6. - S p a t i a l  d i s t r i b u t i o n s  of t he  
dens i ty  of energy f l u x e s  of t he  n-a and 
e-ph components ( r e spec t ive ly  (a) and ( d )  
[in the  number of r e l a t i v i s t i c  p a r t i c l e s  
separa ted  i n  the  i o n i z a t i o n  chambers]. Curv. 
1- : s r 0 . 8  + 1.1; curves 2- : s;e 
0 103 + 1.5. 
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0 00 0 
l o -  0 0 : o B o o m  0 
"Poo 0 
0 0 0 0  
0 0  
to' - 0 O $'- 0 0 
I 0 I o  
Fig. 7. - Experimental f i e l d s  of the  p o i n t s  
a n . * . ,  8 ;  a a . ~ . ,  S; Qa.n.1 @*.a. 
-. .. 
12.  
The experimental f i e lds  of t h e  po in t s  % a ,  s and s are repre-  
sented i n  Figs.  7,  a, 6 and i n  F ig ,  76 - the  f i e l d  of t he  p o i n t s  @)~.a., @a.a.. 
A d i r e c t  app l i ca t ion  of t he  formula brought up f o r  t h e  c o r r e l a t i o n  f a c t o r  
would be inaccura t e , s ince  i n  the  experiment w e  ob ta in  d i r e c t l y  t h e  value of 
t h e  i o n i s a t i o n ,  l inked  by sone p r o b a b i l i s t i c  fashion with the  energy of t h e  
Inc ident  p a r t i c l e s ,  and not  t h e  l a t t e r .  If w e  u t i l i z e  c e r t a i n  simplemost 
propertieh; of t he  func t ions  e s t a b l i s h i n g  a r e l a t i o n s h i p  between t h e  observed 
q u a n t i t i e s  ( i o n i z a t i o n )  and tho* of i n t e r e 6 t  t o  us  ( e n e r a ) ,  we may express 
t h e  c o r r e l a t i o n  f a c t o r  of the q u a n t i t i e s  of i n t e r e s t  t o  u8 through c e r t a i n  
c h a r a c t e r i s t i c 6  of d i s t r i b u t i o n  of t he  observable q u a n t i t i e s .  
L e t  @i(X, y ) d ~ d y  be the  jo in t  d i s t r i b u t i o n  of  t he  experimental ly  
observable q u a n t i t i e s  x and y, and 1P2(Y/u)& the  d i s t r i b u t i o n  of t he  
q u a n t i t i e s  of i n t e r e s t  t o  us, u and U', t he  d i s t r i b u t i o n s  W1 (x/u)dx and 
% (y /v )dy being known. Then 
w i t h ,  a t  t h e  same time, 
Qi(z, ~/)dxdy !Twi(z/~z) Wz(~/u) (Dz(u ,  v ) d u d v d x d y .  
Assume t h a t  t h e  condi t ional  d i 6 t r i b u t i o n s  W (x / u) and W2 (y / J  ) 
a r e  r e s p e c t i v e l y  funct ions of the r e l a t i o n s  x / u  = f and S / V  = 31. 
Changing the  order  and the  var iab les  of i n t e g r a t i o n  with the  h e l p  of the  
s u b s t i t u t i o n  of x = Ju and y 5 YV', and tak ing  i n t o  account t he  normalizat ion 
of t he  func t ions  W l  and W2, 






Hence, assuming a?= u2p and eo f o r t h ,  w e  ob ta in  
Therefore ,  i n  o rde r  t o  ompute the  c o r r e l a t i o n  f a c t o r  of t h e  q u a -  Eo 
t i t i e s  u and J, i t  is necessary/know t h e  covar ia t ion  rty- 3€r of the  
observed q u a n t i t i e s ,  and a l s o  the first and t h e  second moments of d i s t r i -  
bu t ion  of t he  q u a n t i t i e s  x ,  y J, 9. From the  experimental  data obtained 
according t o  the  formula brought up we computed the  c o r r e l a t i o n  f a c t o r s  
between t h e  d i f f e r e n t  parameters o f  t he  showers. A t  t he  same time w e  took 
i n t o  account t he  form of thq function W1 ( see  Fip;. 4). The recppect ive 
r e F u l t s  are compiled i n  Table 2. 
COMPARISON OF EXF'ERIF?EW!,2L DATA 
WITH VRRICUS MODELS O F  DEVELOPMENT OF EAS 
I n  t h e  work c121 a method was developed f o r  t he  c a l c u l a t i o n  of 
multidimensional d i s t r i b u t i o n s  aEo, A ( N ,  S, ma.@., cDn.a.) ,  r ep resen t ing  t h e  d i s t r i -  
bu t ion  of showers with f ixed values o f  primary p a r % i c l e  energy Eo and its 
atomic number A, by t h e  parameters N ,  S, ma,,,. and @n.a.. For t h e  two models I 
and I I 1 , c o n s i d e r e d  I n  t h i s  work, we brought ou t  the ca l cu la t ions  of t he  
d i s t r i b u t i o n  OED, A (N, s, ma.@., @n.a.) at Eo = l d 6 e v  
the  model I were considered, which d i f f e r  from one another  o n l y  by the  mean 
value of  the  i n e l a s t i c i t y  modulus k: t h e  v a r i a n t  Ia  a t  k=O.5 and the  
v a r i a n t  16 at k - 0 . 4 .  
and A = 1 Two v a r i a n t s  of 
c 
We brought out i n  Figs.  8, 9 and 10 the  f i e l d s  of t h e  p o i n t s  ma.@.; 
@n.a., s; N, s ;  ma.@., s, 
model I corresponds f a c t u a l l y  t o  such a model of elementary i n t e r a c t i o n  
corresponding t o  the d i f f e r e n t  models I a ,  I d  , 111. The 
even t ,  when secondary p a r t i c l e s  a re  forming i n  a system of two cen te r s  





























I n  
q u a n t i t i e s  
poring the  
Table 3 we compiled the o a r r e l a t i o n  f a c t o r s  of t he  corrresponding 
and elso t h e i r  mean values and the  r e l a t i v e  disper6iOn8. When com- 





-I 70 - 
6 7 
Fig. 9.- Fie lds  of the  points  Fig. la - Fie lds  of the poin ts  
@m.a., S; N, S, computed according on..., S; N. I, computed according 
t o  the  model I6 (k ~0.4). t o  model 111, 
t ake  i n t o  account f i r s t  of a l l  t ha t  the experimental data are r e l a t e d  t o  
showers w i t h  a fixed number of p a r t i c l e s  N and not w i t h  a f ixed energy Eo. 
Beczuse of t h a t  we are  not in a pos i t ion  t o  draw a p r e c i s e  q u a n t i t a t i v e  com- 
par i son  of t h e o r e t i c a l  and experimental da t a ,  and w e  s h a l l  limit ourse lves  
t o  t h e i r  semiquant i ta t ive  comparison. The fundamental d i s t i n c t i o n  between 
I 
c 16. 
t h e  models I and 111 consistlr  i n  the comparatively low 
flux cxa., and a l s o  of  t h e  c o r r e l a t i o n  f a c t o r s  K ( @ R . a . ,  s) 
It mey be a s s e r t e d  t h a t  s u c h  a d i s t i n c t i o n  between the  
value o f  t he  energy 
f o r  t h e  model 111. 
models I and I11 
w i l l  a l s o  be preserved when passing t o  t h e  considerat ion of showers with 
a f i x e d  N. Indeed, a6 w a 8  shown i n  t h e  works [14, l51,  t h e  mean value o f  
energy Eo,corresponding t o  t h e  shower with a given number I of p a r t i c l e s  
at sea l e v e l  f o r  t h e  models of the types  I and 111, is by 1.5 t o  2 times 
lower than  t h e  Energy E:, determined as t h e  primary energy, f o r  which t h e  
mean va lue  equak t h e  number I considered by us. This  is why the  bas i c  
con t r ibu t ion  t o  t h e  mean value 6n .a .  at  given N w i l l  be made by showers 
w i t h  ' N / R  > 1'. , o r i g i n a t i n g  from primary p a r t i c l e s  with energy smaller 
than  do 
of here  f o r  comparison w i t h  theory) .  Because of the  first circumFtance, t h e  
quan t i ty  6x.a. increase6  somewhat, and on account of  the  second - i t  decreaFes. 
T h e  conr t ruc t ion  of regress ion  shower6 f o r  t h e  models I and I11 shows t h a t  
t h e  i n c r e a s e  i n  Case of  model I ia by 1.5 times g r e a t e r  than  t h e  decrease,  
vhereas f o r  t he  caEe of  model I11 t h e  i n c r e a s e  and decrease compensate one 
another.  Therefore ,  t h e  model I (and more p a r t i c u l a r l y  t h e  v a r i a n t  I d )  
Kives f o r  OR.*. a value s i g n i f i c a n t l y  n e a r e r  t h a t  of  t h e  experiment t han  the  
model 111 at  f ixed  N a lso .  As t o  t h e  c o r r e l a t i o n  f a c t o r  K(@)II.a., s) , f o r  a 
f ixed  N i t  w i l l  be mainly determined by t h e  r e l a t i o n s h i p  between the  quan- 
t i t i e s  (@na and N and between and E a t  f ixed  Eo. As may be seen from 
Table 3, the  c o r r e l a t i o n  factor K-(@rr.a., N)* f o r  t h e  model I11 is small, T h a t  
is why t h e r e  is no b a s i s  t o  expect t h a t  t h e  c o r r e l a t i o n  f a c t o r  K(@n.a., S )  a t  
f ixed  N w i l l  be g r e a t e r  than at f i x e d  Eo. 
i o n  w i t h  t h e  model 111. A t  t h e  same t i n e ,  t h e  experimental d a t a  are not  i n  
con t r ad ic t ion  with modele I ( p a r t i c u l a r l y  I ) e i t h e r  by t h e  mean va lues  of 
energy f l u x e s  &a. and 5a.Q., , or by t h e i r  d i spe r s ions  and d i f f e r e n t  co r re l a -  
-tion f a c t o r s  of t h e s e  q u a n t i t i e s ,  
- 
* 
(Note t h a t ,  a6 was s h o m  above, m n a .  - N. This f a c t  i s  taken adventage 
Thus, t he  experimental value o f  @ne& and K(Qn.e.9 S) a r e  i n  con t r ad ic t -  
We eke11 remark, i n  conclusion, t h a t  t h e  c o r r e l a t i o n  between t h e  
verioue parameters o f  EAS and, more p a r t i c u l a r l y ,  t h e  c o r r e l a t i o n s  o f  @n.a and 
E, ma.@, end 2, I?,, ( number of p- mesons) 
aE re11 as i n  our  former works h 6 3 ,  
- 
and g , e s t a b l i s h e d  i n  the  precent  
are of g r e a t  s i g n i f i c a n c e  f o r  a c o r r e c t  
c 17 . 
s e t u p  of experiments f o r  the s tudy  of ex tens ive  a i r  showers. A t  p resent ,  i n  
most o f  t h e  works,group& of e l e c t r o n  d e t e c t o r s ,  switched on coincidences 
a r e  used for the  s o r t i n g  of s tud ied  EAS, A t  such a sdrrting the  mean value of 
the  parameter p remains inva r i ab le  only i n a s p e c i f i c  range of  d i s t ances  from 
the  c e n t e r  of the  guiding system; at the  same t i m e ,  t h i s  range of d i s tance8  
decrease6 with the  decrease of B. Obviously, for s u f f i c i e n t l y  s m a l l  N only 
showers with s m a l l  va lues  of g w i l l  be so r t ed .  It seems t o  u8 t h a t  the  ana- 
l y s i e  of the  experimental data on t h e  v a r i a t i o n  of the c h a r a c t e r i s t i c s  of 
the  elementary event E173, must be performed once more, t ak ing  i n t o  account 
the s t r o n g  r e l a t i o n s h i p  between the parameter and the o t h e r  charac te r i s -  
t i c s  of E M ,  revealed i n  our work. 
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